Semiconductor reinforced polymer nanocomposite materials are of great interest nowdays. The present communication describes the reinforcement of cuprous oxide (Cu2O) within polysulfone matrices. The conversion of amorphous to crystalline phase will be determined using X-ray diffraction and FT-IR studies. The morphological investigations have been carried out employing atomic force microscopy. The optical transition has been studied using UV-Visible spectroscopy. The successful grafting of semiconductor nanosphere within the polymer matrix efficaciously increases the industrial application of polysulfone.
INTRODUCTION
Nanostructure reinforcement of polymeric material offers an efficient route to amend the chemical, physical and mechanical properties of the resulted composite due to its wide potential in various industries. In these composite materials, the nanoscopic inorganic particles are dispersed in an organic polymer matrix which dramatically improves the performance, tensile strength, hydrophilic nature, and conductivity of the material. The enhancement in the properties of high performance polymer nanocomposites (PNCs) is mainly due to the high aspect ratio and/or the high surface area of the fillers [1] . PNCs represent a radical substitute to conventional filled polymers or polymer blends -a staple of the modern plastic industry. In contrast to conventional composites, where the reinforcement is of the order of microns, PNCs are illustrated by discrete constituents of the order of a few nanometers. The development of PNCs technology is not solely based on the mechanical enhancement of the neat resin or the direct replacement of current filler or blend technology. Rather, its importance comes from providing value-added properties not present in the neat resin, without sacrificing the resin's inherent processibility and mechanical properties. PNCs contain substantially less amount of fillers (1-5 vol %), thus enabling greater retention of the inherent processibility and toughness of the neat resin [2] . Polysulfone (PSF) is an amorphous thermoplastic which is frequently used in automotives, electrical, electronic, and medical applications because of its excellent mechanical, and radiation resistance properties. The heat stability of PSF is also quite high compared to other polymeric materials. Because of its exceptional electrical properties, PSF is used as a dielectric material in capacitors [3] [4] [5] . It is basically hydrophobic in nature, so that it would be desirable to raise the water affinity of PSF in order to improve its properties as supporting layers for water purification membranes. PSF is composed of phenylene units linked by three different chemical groups: isopropylidene, ether, and sulfone, as shown in Figure 1 . Considerable efforts have been devoted by many researchers [6] [7] [8] [9] [10] to study the new class of polymer composites reinforced with nanosized particles or structures dispersed in polymer matrix resulting in enhanced properties. However, retaining the homogeneous dispersion of nanosized particle within the polymer matrix during the synthesis of nanocomposites is very difficult due to the strong tendency for nanoparticles to agglomerate. The physical and chemical properties PNCs are different from those of pure polymers and inorganic nanoparticles. The effects of sulfated Y-doped non-stoichiometric zirconia in polysulfone (PSF) membrane have been studied by Zhang et. al [11] for the waste water treatment containing oil. The reinforcement of Cu2O nanostructures is not widely studied by the researchers. Cu2O is a nonstoichiometric reddish color compound and an important p-type metal-oxide semiconductor material with a direct forbidden band gap of ~ 2.17 eV. The unbounded excitons in Cu2O have a binding energy of 140 meV and a radius of 0.7 nm [12] . The Cu2O crystals have been the center of research on the Bose-Einstein condensation of excitons and exhibits sharp excitonic structures in absorption and luminescence [13] [14] . The present manuscript describes the general and facile synthesis strategy of PNCs in which the spherical shape Cu2O nanoparticles Appl. Sci. Lett. 1(2) 2015, 47-51 www.appslett.com Copyright 2015 Asian Scientific Publishers
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dispersed into a polysulfone matrix. The comparison been done with the pristine sample. The motivation to obtain good dispersion stemmed from the observation that if any properties are further improved, the distribution of the inorganic filler particles within the polymer matrix has to be as homogeneous as possible.
EXPERIMENTAL

Synthesis of Polysulfone Nanocomposite
In the present investigation, Polysulfone is, used as polymer material, procured from BDH Chemicals Ltd (UK) and Cu2O nanospheres as fillers for polymer matrix grafting. Cu2O nanospheres has been synthesized by solution-grown reductionroute method as described in reference [15] .
Synthesis of Pure Polysulfone (PSF) Films
The pure polysulfone thin film samples are synthesized using solution-grown method. Polysulfone (4% by weight) is dissolved in dimethylformamide (DMF) solution with the help of a magnetic stirrer. The stirring is continued for 4 h till homogeneous and transparent solution is obtained. The prepared solution poured slowly onto an optical plane glass plate floating on a mercury pool. Then, the solvent is allowed to evaporate slowly inside an oven at the constant rate of 1 o C/min for 24 h. After that, the dried sample is subjected to room temperature outgassing in an air at 60 o C at the pressure of 10 -5 torr for a further period of 24 h to remove residual solvent. The polymer film is, then, gently pealed-off from the glass plate [16] . The sample is a circular disc-shaped foil having diameter of 5 cm.
Preparation of Polymer Nanocomposite Thin Films
The preparation of polymer nanocomposite thin films involves the following steps: Cu2O (3% and 5% by weight) nanospheres are suspended in 20 ml of benzene and stirred with a magnetic stirrer and aged to 60 o C for 30 min to obtain the uniform and homogenous colloidal suspension of nanostructures. In a separate beaker, polysulfone (4% by weight) is dissolved in dimethylformamide (DMF) solution. The solution is kept under continuous stirring for 4 h to obtain homogeneous and transparent solution. The colloidal solution containing nanoparticles added drop-wise into PSF solution with continuous stirring to avoid coagulation of the nanoparticles in the polymeric solution. The suspension kept for stirring for next 1 h, so that nanoparticles get homogenously suspended within the polymer matrix. The mixer solution, thus, prepared poured onto an optically plane glass plate floating on a mercury pool. The solvent, then, allow to evaporate inside an oven at the constant rate of 1 o C/min for 24 h. The dried samples subjected to room temperature outgassing in an air at 60 o C at 10 -5 torr for a further period of 24 h to remove any residual solvent. Polymer films gently pealed-off from the glass plate and used as it is for further measurements.
Characterizations 2.2.1 X-ray Diffraction (XRD)
X-ray diffraction is the basic technique that is carried out in order to examine the crystalline properties and formation of polymer nanocomposites. The X-ray diffraction data were collected on a D-8 Bruker AXS (Germany) diffractometer with CuKα (λ = 0.154187 nm) as an incident radiation and equipped with LiF monochromator. The step scan covers the angular range of 5 0 -50 0 in the steps of 0.04 0 . The powder diffraction data have been collected at room temperature. In that regard the degree of crystallinity of polysulfone and nanocomposite samples were quantitatively estimated using relation; 
Atomic Force Microscopy (AFM)
Atomic force microscopic images were obtained using a Nanoscope IIIE (Digital Instruments, USA) in a contact mode at ambient temperature and the qualitative analysis are carried out using software attached with the microscope. Due cautions have been exercised to watch out for artifacts (measurements on trace and retrace mode) and the corrected required calibration.
Energy Band-Gap Analysis
The optical band-gap of polymer nanocomposite thin films has been determined at different concentrations of Cu2O nanospheres from the fundamental absorption edge of UV/visible spectra. The shift of the absorption edge in UV/visible spectrum is correlated with optical energy band-gap, Eg, of polymer by Tauc's relation [17] , which is of the form;
where α is the absorption coefficient, hν denotes the photon energy, B is a constant and index n is connected with the distribution of the density of states. The band-gap values for any polymer nanocomposite material is obtained by plotting (αhν) 1/2 and (αhν) 2 as a function of the photon energy (hν).
Fourier Transformation Infra-Red Spectrocopy
The Fourier transformation infra-red (FTIR) spectroscopy have been performed on Perkin-Elmer 580B infrared spectrophotometer. The measurements have been carried out to distinguish the properties of pristine and treated polymer nanocomposite thin film samples in the wave number range varies from 4000 cm -1 to 400 cm -1 .
RESULTS AND DISCUSSION
The X-ray diffractogram of polysulfone and Cu2O (Spheres, 3and 5 w%) dispersed in polysulfone matrix is shown in Figures 2 (a) -(c). The increased concentration of Cu2O nanospheres, from 3 w% to 5 w%, in the polysulfone subsequently increases the intensity of (111) plane. On modification with Cu2O nanospheres the reflection due to pristine and Cu2O nanospheres slightly shifts towards higher angle side, indicating the successful intercalation of Cu2O nanospheres within the polymer. A broad background decreases appreciably and the relative intensity of reflection due to Cu2O increases after nanofilling. This pattern, therefore, confirms the formation of nanocomposite, where Cu2O nanostructures have been intercalated in the polysulfone. The percentage of crystallinity calculated for Pristine, Cu2O -PSF (3%), and Cu2O -PSF (5%) were 28%, 39%, 54%, respectively. The increase in the degree of crystallinity also claims the successful grafting of metal oxide nanostructure inside the polymer. The percentage crystallinity, 2θ values, crystallite size (D), d-values, and peak intensity summarized in Table 1 . The crystalline structures have higher density than amorphous structure due to the highly ordered packing. More energy is required to damage orderly packed crystalline material then for disrupting the loosely packed amorphous materials. AFM studies are performed on polysulfone and Cu2O -PSF nanospheres (3 and 5 w%) thin film samples. The contact AFM mode has been chosen to observe the topographical images and surface roughness of the samples as well to illustrate the fundamental use of this AFM mode. Topographical images and surface roughness of the polysulfone and Cu2O -PSF nanospheres (3 and 5 w%) thin film samples, achieved by AFM analysis presented in Figures 3 (a -c) . The AFM raw images, obtained after adsorption of nanospheres indicate a highly ordered and closely packed array appearing on the surface of PSF matrix. This anisotropic ordered arrangement of nanoclusters attributed to the diffusion of the unprotected Cu2O nanoclusters across the PSF matrix. The mechanical variation across material surfaces, as those between amorphous and crystalline regions were Cu2O nanostructures added into polymeric matrix, the crystallites are initiated and grown in the vicinity of polymer. The specific interaction between PSF and nanofillers decreases the surface energy necessary to nucleate a nanoparticles crystal, thus, the crystalline regions tend to nucleate in the polymer. The polymer film shows a remarkable change in yellow mounds with diameter Appl. Sci. Lett. 1(2) 2015, 47-51 www.appslett.com Copyright 2015 Asian Scientific Publishers
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from 1000-200 nm, topography (height) up to 5 nm after nanofilling and large number of pits, of the order of 2.5-25 nm depth. The variation of roughness and dimension of the hills (average height and diameter) with nanocomposites are measured from the manufacturer's software available with the microscope. The roughness for Cu2O polymer nanocomposites are 0.0122 nm, 0.0214 nm, and 0.0287 nm for PSF, Cu2O -PSF (3%), and Cu2O -PSF (5%). The roughness of polymer nanocomposite thin films increases compared to pristine due to the change in cross linking density and degradation of a polymeric surface. Figures 4 (a-b) represent the direct and indirect band-gap of PSF and Cu2O -PSF nanospheres (3 and 5 w %). The decrease in direct and indirect band-gap with increase in the concentration of nanofillers in the polymer matrix was correlated with the effective homogenous dispersion of fillers in the polysulfone. This is probably due to the interaction between inorganic compound and polymer matrix as the nanofillers become the composing segments of polymer nanocomposites. The nanofillers grow inside the polymer matrix and form nanoclusters that are immobilized into the polymer matrix. Thus, polymer behaves as a semiconductor which makes them conducting. The dopant creates the nanostructure crystalline boundaries in polymeric material, which provide the sufficient space for charge carries for residing between conduction and valence bands. These nanoclusters introduce energy levels within the polymer matrix, resultant reduction in the band-gap of polymer nanocomposite thin films. As the concentration of nanofiller increases in the polymer film, the number of carbon atoms increases due to the cluster formation shown in table 2. The FT-IR spectras of polysulfone and polysulfone doped Cu2O -PSF (spheres 3 and 5 w%), as shown in Figures 5 (a-c) , are almost identical with no noticeable shifts in the position of the fingerprints obtained due to polymer except for a few changes in the spectra of the nanocomposites, indicating a non-wetting polymer-particle interfacial surface interaction. The sharp fingerprints originated at 971 cm -1 is assigned to 2 4 SO non-degenerated The fingerprints at low frequency region are basically assigned to Cu-O vibrational modes as observed from Figure 5 (b-c) . The sharp fingerprints at 500 and 517 cm -1 are assigned to Cu-O stretching vibrations. No bands at these positions are observed for the PSF sample. It is observed that with increase in the concentration of nanofillers in the polymer matrix the fingerprint intensity becomes more prominent.
CONCLUSION
An experimental protocol has been developed for the successfully synthesizing the polysulfone based Cu2O nanocomposite thin film samples using solution-grown method. The synthesis methodology described in the present communication generally applied to all the classes of polysulfone based nanocomposites that are susceptible to Figure 5 : FT-IR spectras of (a) PSF, (b) PSF-Cu2O (spheres (3%)), and (c) PSF-Cu2O (spheres (5%)).
Appl. Sci. Lett. 1(2) 2015, 47-51 www.appslett.com Copyright 2015 Asian Scientific Publishers solvent dissolution, which is the main advent of this protocol. The inorganic filler material readily incorporated within the polymer matrix resulting in a hybrid nanocomposite with unprecedented control in particle size, monodispersity and homogeneity. The diffraction scans show the decrease in the amorphous phase of polymer matrix after loading with fillers concluding the crystallinity increment in polysulfone matrix. A FT-IR spectrum supports the successful intercatalation of Cu2O contents in polysufone nanocomposite thin films. The atomic force microscopic study also illustrates the effective grafting of nanostructures, which results in improving the properties of polysulfone matrix. The optical study shows the effective change in band-gap after nanofilling. The grafting of fillers in the polymer matrix efficaciously decreases the direct and indirect band-gap of PSF matrix.
